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Sir: 
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This application has been amended to include the continuing application 



Examination on the merits is requested. 



Eric J. Robinson 
Registration No. 38,285 

Sixbey, Friedman, Leedom & Ferguson, P.C. 
8180 Greensboro Drive, Suite 800 
McLean, Virginia 22102 
(703) 790-9110 



data thereof. 



Respectfully submitted. 




TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND PROCESS FOR FABRICATING THE 
SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a structure of a 
semiconductor Integrated circuit comprising at least two thin film 
transistors (abbreviated hereinafter as "TFTs") on a same 
substrate, and to a process for fabricating the same. The 
semiconductor integrated circuit according to the present invention 
is utilized, for example, in active matrices of liquid crystal 
displays. 

2. Prior Art 

Prior art TFTs have been fabricated heretofore by patterning a 
thin film semiconductor region (active layer) into an island-like 
shape to isolate the region from other TFTs, depositing an 
insulating film as a gate dielectric on the region by CVD or 
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sputtering, and then forming thereon a gate electrode. 

Fig. 2 shows the process for fabricating a semiconductor 
Integrated circuit comprising a TFT according to a prior art 
process. Referring to Fig. 2, a base film 22 and a silicon film 23 are 
formed on a substrate 21. Then, films 24a and 24b made of a 
material such as a photoresist are formed selectively on the 
silicon film 23. A thin film of silicon oxide or silicon nitride can be 
formed between the silicon film 23 and the films 24a and 24b to 
prevent the silicon film from being polluted (Fig. 2 (A)). 

The silicon film 23 Is etched thereafter to form island-Hke 
silicon regions (active layers) 25a and 25b using the films 24a and 
24b as the masks, however, the base layer 22 is etched partially at 
the same time. Thus, the step height increases by the over-etched 
portion x in addition to the thickness of the silicon film (Fig, 2 (B)), 

Then, an insulating film 26 which functions as a gate 
dielectric is formed over the entire surface to form a gate 
electrode with lines 27n, 27p, and 27c. Line disconnection may 
occur in case the active layer is provided with too large a step 



height 

After forming the gate electrode, impurities are introduced by 
means of, for example, ion doping or ion Implantation. The resulting 
structure thus obtained is subjected to activation treatment by, for 
example, thermal annealing, laser annealing, or lamp annealing to 
form impurity regions 28n (n-type) and 28p (p-type). 

Subsequently, an interlayer insulator 29 Is deposited to form 
contact holes therethrough, and electrodes 30a, 30b, and 30c are 
formed in the impurity regions of the TFT. 

In the prior art processes, however, the overetching of the 
base film has been found a problem. The presence of a step due to 
the overetching causes disconnection on the gate electrode to 
considerably impair the product yield. A. step with a further 
increased step height produces in particular when a film having a 
high etching rate Is used as the base film. Accordingly, though the 
use of a film deposited by plasma CVD or APCVD is preferred as the 
base film from the mass productivity point of view, these types of 
films are not preferred from the aforementioned problem of high 
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etching rate. Thus, an object of the present invention is to review 
the problems in the prior art process for element isolation, and to 
provide a TFT of high product yield and a process for fabricating 
the same. 

SUMMARY OF THE INVENTION 

The present invention comprises electrically isolating the 
elements (e.g. the transistors) from each other not by cutting the 
silicon film but by selectively and thermally oxidizing the silicon 
film in the temperature range of from 500 to 650 ^'C. The silicon 
film to be oxidized may be either an amorphous film or a 
crystalline film. The silicon film is provided at a thickness of from 
100 to 1,500 A, and more preferably, at a thickness of 500 A or 
less. A glass substrate having a thermal deformation point (strain 
point) of 750 ""C or lower, which is represented by a Corning 7059 
glass (an alkali-free borosilicate glass), is used as ,the substrate. 

What is to be noted here is that a non-single crystal silicon, 
for example, an amorphous or a polycrystalline silicon, yields a 



thermal oxidation rate which is about twice as large as that of a 
single crystal silicon. In the present invention, furthermore, from 
0.1 to 100 % of water is added into the atmosphere to increase the 
oxidation rate. The addition of water increases the oxidation rate 
by about 10 times as compared with that in a dry atmosphere. Fig. 5 
shows the relation between the thickness of silicon oxide obtained 
by the oxidation process (under a water vapor partial pressure of 
100 %) according to the present invention and the duration of 
process. The figure reads that the silicon film according to the 
present invention can be entirely oxidized at a temperature as low 
as in the range of from 550 to 600 °C, 

The oxidation reaction can be furthermore accelerated by 
effecting the oxidation while applying a pressure in the range of 
from 1 to 15 atm. For instance, an oxidation rate 10 times the rate 
of oxidation under a pressure of 1 atm can be obtained under a 
pressure as high as 10 atm. The temperature of oxidation can be 
also lowered. The change in oxidation rate under a pressure of 4 
atm is also shown in Fig. 5. The quantity of water vapor can be 



stabilized by performing the so-called pyrogenic oxidation process. 
This process comprises generating water vapor by the combustion 
of pure hydrogen. The concentration of water vapor in the 
atmosphere can' be determined by controlling the flow rate of 
hydrogen. 

The silicon film can be selectively oxidized by selectively 
forming on the silicon film a mask film comprising a silicon nitride 
layer or multilayered structure comprising a silicon oxide layer and 
a silicon nitride layer provided on the silicon oxide layer, and 
exposing the silicon film to a thermally oxidizing atmosphere 
using the mask film. No oxidation reaction proceeds on the surface 
thus covered with the mask. 

Thus, as mentioned in the foregoing, the process according to 
the present invention comprises forming the oxide by thermal 
oxidation. Accordingly, no steps as those generated during the 
etching of conventional silicon films are found to forhi during the 
process according to the present invention. Thus, disconnection of 
gate electrodes Is prevented from occurring, and the yield is 



therefore increased. In particular, the process according to the 
present Invention is almost free from the influence of the base 
film. Accordingly, the total mass production can be improved 
without being limited by the film deposition process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 (A) to 1 (E) show the step-sequential schematically 
drawn views for the structures obtained during fabrication of a TFT 
according to Example 1 of the process of the present invention; 

Figs. 2 (A) to 2 (D) show the step-sequential schematically 
drawn views of the structures obtained during fabrication of a TFT 
according to a prior art process; 

Figs. 3 (A) to 3 (E) show the step-sequential schematically 
drawn views for the structures obtained during fabrication of a TFT 
according to Example 2 of the process of the present invention; 

Figs. 4 (A) to 4 (E) show the step-sequential schematically 
drawn views for the structures obtained during fabrication of a TFT 
according to Example 3 of the process of the present invention; 



Fig. 5 is a graph showing the progress of thermal oxidation on 
a polycrystalline silicon film at a low temperature of 600 ''C or 
lower under the presence of water vapor; and 

Figs, 6 (A) to 6 (E) show the step-sequential schematically 
drawn views for the structures obtained during fabrication of a TFT 
according to Example 4 of the process of the present invention. 

EXAMPLE 1 

Referring to Figs, 1 (A) to 1 (E), the process according to the 
present Example is described below. Figs. 1 (A) to 1 (D) show the 
cross section structures, and Fig. 1 (E) shows the top view. 

A Corning 7059 glass substrate 10 was heated to a 
temperature range higher than the deformation point thereof. Thus, 
the substrate was annealed in the temperature range of from 600 
to 660 ^^C, e.g., at 640 ^C, for a duration of from 1 to 4 hours, e.g,, 
for 1 hour, and was gradually cooled at a rate of frogi 0.1 to 0.5 
*C/min, for example, at a rate of 0,2 ''C/min. The substrate was 
taken out from the heating chamber in the temperature range of 
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from 450 to 590 ^^C, more specifically, at 550 ""C. The substrate is 
preferably taken out at a temperature not higher than the maximum 
temperature of the subsequent heat treatment steps. This heat 
treatment suppresses irreversible shrinking from occurring on the 
substrate in the later heat treatment steps. 

The substrate 10 thus subjected to the treatment above was 
cleaned, and a 2,000 A thick silicon oxide film was deposited as a 
base film 11 by means of sputtering. An intrinsic (!-type) 
amorphous silicon film (Intrinsic non-single crystal silicon film) 
12 was deposited on the substrate at a thickness of from 300 to 
1,000 A, for example, at a thickness of 500 A, by effecting plasma 
CVD. A silicon nitride film from 500 to 2,000 A in thickness, for 
instance at a thickness of 1,000 A, was deposited continuously. The 
silicon nitride film thus obtained only was selectively etched to 
form mask films 13a and 13b (Fig. 1 (A)). 

The silicon film was then annealed at 600 °C for a duration of 
48 hours under a nitrogen gas atmosphere of 1 atm to crystallize 
the silicon film. The crystallized silicon film was then allowed to 



9 



stand in an oxygen atmosphere (oxidizing atmosphere) containing 
10 % water vapor under a pressure of 1 atm while maintaining the 
temperature in the range of from 550 to 650 ^C, representatively, 
at 600 ^'C, for duration of from 3 to 5 hours. Thus, the region of 
the silicon film not covered by the mask film was completely 
oxidized to the bottom to form silicon oxide regions 14a to 14c. 
The pressure of the water vapor was controlled by pyrogenic 
oxidation. As a result, the silicon film was separated into regions 
15a and 15b (Fig. 1 (B)). 

The masks 13a and 13b were removed thereafter, and a 1,200 
A thick silicon oxide insulating film 16 was deposited on the 
silicon film by plasma CVD to provide a gate dielectric (gate 
insulating film) using tetraethoxysilane (Si(OC2H5)4; TEOS) and 
oxygen as the starting materials. Subsequently, a silicon film 
containing from 0.01 to 0.2 % phosphorus was deposited by means 
of LPCVD at a thickness of from about 3,000 to 8,000 A, for 
example, at a thickness of 6,000 A. The silicon film was patterned 
to form gate electrodes 17n, 17p, and 17c on the gate insulating 



film. 

Impurities for imparting the region either P- or N-conductive 
were introduced in a self-aligned manner by means of ion doping 
process (plasma doping process) into the isolated silicon regions 
constituting the source/drain and the channel using the gate 
electrodes as the mask, Phosphine (PH3) and diborane {B2H6) were 
used as the doping gas. The dose was from 1 x 1015 to 8 x 10^5 
cm-2. Thus, in case phosphine was used, phosphorus was Introduced 
at a dose of, more specifically, 2 x 10^5 cm-2, while applying an 
accelerating voltage of from 60 to 90 kV, for example, a voltage of 
80 kV. In case diborane was used, boron was introduced at a dose of 
5 X 1015 cm-2 while applying an accelerating voltage of from 40 to 
80 kV, for instance, a voltage of 65 kV. The regions were each 
selectively doped with the element by covering the other region 
with a photoresist. Thus were obtained an N-type impurity region 
18n and a P-type impurity region 18p to form a region for a P- 
channel TFT (PTFT) and region for an N-channel TFT (NTFT). The 
outer periphery of the active layer of each of the PTFT and the NTFT 
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is oxidized to the bottom as described above. 

The region was then annealed by irradiating a laser beam. A 
KrF excimer laser operating at a wavelength of 248 nm and at a 
pulse width of 20 nsec was used in the present invention. However, 
the type of the laser is not only limited thereto, and any other type 
of laser can be used as well. The laser beam was irradiated from 2 
to 10 shots per site, for example, 2 shots per site, at an energy 
density of from 200 to 400 mJ/cm^, for instance, at 250 mJ/cm^, 
The effect of laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200 to 450 ""C 
(Fig. 1 (C)). 

A 6,000 A thick silicon oxide film 19 was deposited by plasma 
CVD process thereafter as an interlayer dielectric. The interlayer 
dielectric may be made from a polyimide film or a double-layered 
film of silicon oxide and polyimide. Contact holes were formed 
thereafter to establish electrodes with wiring 20a, 20b, and 20c 
for the TFT using a metallic material, for example, a multilayered 
film of titanium nitride and aluminum. A semiconductor circuit 
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•comprising the TFTs in a complementary arrangement was obtained 
by finally annealing tlie structure at a temperature of 350 "C for a 
duration of 30 minutes under a hydrogen gas atmosphere at a 
pressure of 1 atm (Fig. 1 (D)). 

The plan view of the structure shown with a cross section 
structure In Fig. 1 (C) is given in Fig. 1 (E). The cross section 
structures seen along the dot-and-dash line in Fig. 1 (E) are given 
in Figs. 1 (A) to 1 (D). 

EXAMPLE 2 

Figs. 3 (A) to 3 (E) show the process for fabricating a TFT 
according to the present Example. 

A Corning 7059 glass substrate 31 having a deformation point 
of 593 °C was heated to a temperature range higher than the 
deformation point thereof. Thus, the substrate was annealed In the 
temperature range of from 600 to 660 °C, e.g., at 640 °C, for a 
duration of from 1 to 4 hours, e.g.. for 1 hour, and was gradually 
cooled at a rate of from 0.1 to 0.5 "C/min, for example, at a rate of 



0.2 ''C/min. The substrate was taken out from the heating chamber 
in the temperature range of from 450 to 590 ^C, more specifically, 
at 550 ^C. 

The substrate 31 thus subjected to the treatment above was 
cleaned, and a 2,000 A thick silicon oxide film was deposited as a 
base film 32 by means of sputtering. An intrinsic (1-type) 
amorphous silicon film 33 was deposited at a thickness of from 
300 to 1,000 A, for example, at a thickness of 1,000 A, by 
effecting plasma CVD. A silicon nitride film from 500 to 2.000 A in 
thickness, for instance, at a thickness of 1,000 A, was deposited 
continuously. The silicon nitride film thus obtained only was 
selectively etched to form mask films 34a and 34b {Fig, 3 (A)). 

The silicon film was then annealed at 600 ^'C for a duration of 
48 hours under a nitrogen gas atmosphere of 1 atm to crystallize 
the silicon film. The crystallized silicon film was then allowed to 
stand in a 100 % by volume water vapor atmosphere uinder a 
pressure of 10 atm while maintaining the temperature in the range 
of from 500 to 600 ^'C, representatively, at 550 °C, for a duration 
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of from 3 to 5 hours. Thus, the region of the silicon film not 
covered by the mask film was completely oxidized to the bottom to 
form silicon oxide regions 35a to 35c. The silicon region was 
divided in this manner Into regions 36a and 36b (Fig. 3 (B)). 

The masks 34a and 34b were removed thereafter, and the 
surface was globally oxidized again by exposing the resulting 
structure to an atmosphere containing 100 % water vapor for a 
duration of from 3 to 5 hours at a temperature of from 500 to 600 
""C, representatively, at 550 ''C. The surface of the silicon regions 
36a and 36b was oxidized in this step to form about 1,000 A thick 
oxide films 37a and 37b, The thickness of the silicon region was 
found to be about 500 A after this step. The substrate was then left 
under a nitrous oxide (N2O) atmosphere at 600 ^'C after the 
oxidation step to provide thermally oxidized films 37a and 37b as 
the gate dielectric (Fig. 3 {C)>, 

A silicon film containing from 0-01 to 0.2 % phosphorus was 
deposited at a thickness of from 3,000 to 8,000 A, for example, at 
a thickness of 6,000 A, by LPCVD. The silicon film was patterned to 



form gate electrodes 38n, 38p, and 38c. 

Impurities for imparting the region either P- or N-conductive 
were introduced in a self-aligned manner by means of ion doping 
process (plasma doping process) Into the isolated silicon regions 
constituting the source/drain and the channel using the gate 
electrodes as the mask. Phosphine (PH3) and diborane (BaHe) were 
used as the doping gas. The dose was from 1 x lOis to 8 x 1015 
cm-2. Thus, in case phosphine was used, phosphorus was introduced 
at a dose of, more specifically, 2 x 1015 cm-2, while applying an 
accelerating voltage of from 60 to 90 kV, for example, a voltage of 
80 kV. In case diborane was used, boron was introduced at a dose of 
5 X 1015 cm-2 while applying an accelerating voltage of from 40 to 
80 kV, for instance, a voltage of 65 kV. The regions were each 
selectively doped with the element by covering the other region 
with a photoresist. Thus were obtained an N-type impurity region 
39n and a P-type impurity region 39p to form a region for a P- 
channel TFT (PTFT) and a region for an N-channel TFT (NTFT). 

The regions were then annealed by irradiating a laser beam, A 
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KrF excimer laser operating at a wavelength of 248 nm and at a 
pulse width of 20 nsec was used in the present Invention. However, 
the type of the laser is not only limited thereto, and any other type 
of laser can be used as well. The laser beam was irradiated from 2 
to 10 shots per site, for example, 2 shots per site, at an energy 
density of from 200 to 400 mJ/cm2, for instance, at 250 mJ/cm2. 
The effect of laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200 to 450 ^'C 
(Fig. 3 (D)). 

A 6,000 A thick silicon oxide film 40 was deposited by plasma 
CVD process thereafter as an interlayer dielectric. The interiayer 
dielectric may be made from a polylmide film or a double-layered 
film of silicon oxide and polyimide. Contact holes were formed 
thereafter to establish electrodes with wiring 41a, 41b, and 41c 
for the TFT using a metallic material, for example, a multilayered 
film of titanium nitride and aluminum. A semiconductor circuit 
comprising the TFTs in a complementary arrangement was obtained 
by finally annealing the structure at a temperature of 350 ^'C for a 
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duration of 30 minutes under a hydrogen gas atmosphere at a 
pressure of 1 atm (Fig. 3 (E)). 

EXAMPLE 3 

Figs. 4 (A) to 4 (E) show the process for fabricating a TFT 
according to the present Example. 

A Corning 7059 glass substrate 42 having a deformation point 
of 593 °C was heated to a temperature range higher than the 
deformation point thereof. Thus, the substrate was annealed in the 
temperature range of from 600 to 660 ^^C, e.g., at 640 °C, for a 
duration of from 1 to 4 hours, e.g., for 1 hour, and was gradually 
cooled at a rate of from 0.1 to 0.5 °C/rr\\n, for example, at a rate of 
0.2 ^C/min. The substrate was taken out from the heating chamber 
in the temperature range of from 450 to 590 ""C, more specifically, 
at 550 **C. The substrate 42 thus subjected to the treatment above 
was cleaned, and a 2,000 A thick silicon oxide film was deposited 
as a base film 43 by means of plasma CVD using TEOS as the 
starting material. An intrinsic (l-type) amorphous silicon film 
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(intrinsic non-single crystal silicon film) 44 was deposited at a 
thickness of from 100 to 1,000 A, for example, at a thickness of 
300 A, by effecting plasma CVD. A silicon oxide film 45 having a 
thickness of 1,000 A and a silicon nitride film 46 having a 
thickness of 1,000 A were deposited continuously. The layers thus 
obtained were patterned to form a mask. 

A thin nickel film from 5 to 20 A In thickness, for example, 10 
A in thickness, was formed by sputtering. Because this film is 
extremely thin, it may not be said a film in the strict sense. Thus, 
the film thickness Is an average value. Preferably, the substrate is 
heated in the range of from 150 to 300 during the film 
deposition. The nickel introduced during this step exerts a catalytic 
effect on the crystallization of the amorphous silicon layer (Fig. 4 
(A)). 

The amorphous silicon layer was thermally annealed thereafter 
at 600 ''C for 4 hours in a nitrogen atmosphere under a pressure of 
1 atm. The nickel film was found to undergo crystal growth from 
the selective region on which it was deposited to the region 
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covered with the mask film along the transverse direction (i.e., the 
direction in parallel with the substrate). As a result, the 
amorphous silicon film was crystallized to form a crystalline 
silicon film 48 (Fig; 4 (B)). 

The crystallized silicon film was then allowed to stand in a 
100 % by volume water vapor atmosphere under a pressure of 10 
atm while maintaining the temperature in the range of from 500 to 
600 "^C, representatively, at 550 "^C, for a duration of 1 hour. Thus, 
the region of the silicon film not covered by the mask film was 
completely oxidized to the bottom to form silicon oxide regions 
49a and 49b in contact with the side {side plane) of the active 
layer of the TFT (Fig. 4 (C)), 

A silicon oxide film 51 was deposited at a thickness of 1,200 
A by plasma CVD to provide a gate dielectric. Subsequently, an 
aluminum film containing from 0.01 to 0.2 % of scandium was 
deposited by sputtering to a thickness of from 6,000 to^ 8,000 A, 
specifically at 6,000 A, and was patterned to form gate electrodes. 
The surface of the gate electrodes was covered with an anodic 
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oxide layer by anodlcaliy oxidizing the surface thereof. The anodic 
oxidation was effected in an ethylene glycol solution containing 
from 1 to 5 % tartaric acid. The oxide layer thus obtained was 
2,000 A in thickness. Since the oxide layer can be formed to such a 
thickness capable of fornning an offset gate region, the length of 
the offset gate region can be determined by the anodic oxidation 
step. Thus were obtained the gate electrode portion 52n, 52p, and 
52c inclusive of gate electrode and the peripheral anodic oxide 
layer. 

Impurities for rendering the crystalline silicon region 50 
either N-type or P-type conductive were introduced in a self- 
aligned manner by ion doping using the gate electrode portion as the 
mask. Phosphine (PH3) and diborane (BaHe) were used as the doping 
gas. The dose was from 1 x lOis to 8 x 10i5 cm-2. Thus, in case 
phosphine was used, phosphorus was introduced at a dose of, more 
specifically, 2 x 10^5 cm-2, while applying an accelerating voltage 
of from 60 to 90 kV, for example, a voltage of 80 kV. In case 
diborane was used, boron was introduced at a dose of 5 x 10i5 cm-s 
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while applying an accelerating voltage of from 40 to 80 kV, for 
instance, a voltage of 65 kV. The regions were each selectively 
doped with the element by covering the other region with a 
photoresist. Thus were obtained an N-type impurity region 53n and 
a P-type impurity region 53p to form a region for a P-channel TFT 
(PTFT) and a region for an N-channel TFT (NTFT), . 

The regions were then annealed by irradiating a laser beam. A 
KrF exclmer laser operating at a wavelength of 248 nm and at a 
pulse width of 20 nsec was used in the present invention. However, 
the type of the laser is not only limited thereto, and any other type 
of laser can be used as well. The laser beam was irradiated from 2 
to 10 shots per site, for example, 2 shots per site, at an energy 
density of from 200 to 400 mJ/cm2, for instance, at 250 mJ/cmS. 
The effect of laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200 to 450 "^C, As 
mentioned in the foregoing, the gate electrode is offset by a length 
y corresponding to the thickness of the anodic oxide layer from the 
impurity region (Fig, 4 (D)). 
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A 6,000 A thick silicon oxide film 54 was deposited by plasma 
CVD process thereafter as an interlayer dielectric. Contact holes 
were formed thereafter to establish electrodes with wiring 55a, 
55b, and 55c for the TFT using a metallic material, for example, a 
multilayered film of titanium nitride and aluminum. A 
semiconductor circuit comprising the TFTs in a complementary 
arrangement was obtained by finally annealing the structure at a 
temperature of 350 "^C for a duration of 30 minutes under a 
hydrogen gas atmosphere at a pressure of 1 atm (Fig, 4 (E)), 

EXAMPLE 4 

Figs. 6 (A) to 6 (E) show the process for fabricating a TFT-type 
active matrix circuit for use in liquid crystal displays according to 
the present Example. 

A Corning 7059 glass substrate 56 having an insulating 
surface and a deformation point of 593 ^C was heated to a 
temperature range higher than the deformation point thereof. Thus, 
the substrate was annealed in the temperature range of from 600 
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to 660 ""C, e.g., at 640 °C, for a duration of from 1 to 4 hours, e.g., 
for 1 hour, and was gradually cooled at a rate of from 0.1 to 0.5 
^C/min, for example, at a rate of 0.2 "^C/min. The substrate was 
taken out from the heating chamber In the temperature range of 
from 450 to 590 ^C, more specifically, at 550 ^C. The substrate 56 
thus subjected to the treatment above was cleaned, and a 2,000 A 
thick silicon oxide film was deposited as a base film 57 by means 
of plasma CVD using TEOS as the starting material. An intrinsic (I- 
type) amorphous silicon film (intrinsic non-single crystal silicon 
film) 58 was deposited by plasma CVD at a thickness of from 100 
to 1,000 A, for example, at a thickness of 800 A. A silicon oxide 
film 59 having a thickness of 1,000 A and a silicon nitride film 60 
having a thickness of 1,000 A were deposited continuously. The 
layers thus obtained were patterned to form a mask. 

A thin nickel film from 5 to 20 A in thickness, for example, 10 
A in thickness, was formed by sputtering. Because jthis film is 
extremely thin, it may not be said a film in a strict sense. Thus, the 
film thickness in this case is an average value. Preferably, the 
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substrate is heated in the range of from 150 to 300 ''C during the 
film deposition. The nickel introduced during this step exerts a 
catalytic effect on the crystallization of the amorphous silicon 
layer. Boron ions were introduced thereafter into the silicon film 
58 at a dose of from 2 x 1013 to 5 x 1015 cm-2, for example, at a 
dose of 5 X 1015 cm-2 using the mask film 60 as a mask. The boron 
ions prevents current leak from occurring due to the formation of 
an N-type layer on the boundary of the silicon oxide. That is, the 
boron ions function as the so-called channel stoppers which more 
clearly isolate the TFTs (Fig. 6 (A)). 

The amorphous silicon layer was thermally annealed thereafter 
at 600 ""C for 4 hours in a nitrogen atmosphere under a pressure of 
1 atm. The nickel film was found to undergo crystal growth from 
the selective region on which It was deposited to the region • 
covered with the mask film along the transverse direction (i.e., the 
direction in parallel with the substrate). After the crystallization, 
the silicon layer was etched using the mask film 60 as the mask to 
reduce the thickness thereof to a half of the initial, i.e., from 800 



A to 400 A (Fig, 6 (B)). 

The crystallized silicon film was then allowed to stand in an 
oxygen atmosphere containing 10 % water vapor under a pressure of 
10 atm while maintaining the temperature in the range of from 500 
to 600 ""C, representatively, at 550 ''C, for a duration of 3 hours. 
Thus, the region of the thin silicon film not covered by the mask 
film was completely oxidized from a surface thereof through the 
mask film to form silicon oxide regions 63a and 63b, The pressure 
of the water vapor was controlled by pyrogenic oxidation. As a 
result, the silicon film was converted into a silicon oxide layer 
having a thickness about twice that of the initial silicon layer. In 
this manner, a silicon oxide region 63 was formed at the same 
height as those of the region 64 remaining as silicon in the 
periphery thereof (Fig. 6 (C)). 

A silicon oxide film 65 was deposited at a thickness of 1,200 
A by plasma CVD to provide a gate dielectric. Subsequently, an 
aluminum film containing from 0.01 to 0.2 % of scandium was 
deposited by sputtering to a thickness of from 6,000 to 8,000 A, 
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specifically at 6,000 A. and was patterned to form a gate 
electrode. The surface of the aiuminum gate electrode was covered 
with an anodic oxide layer by anodically oxidizing the surface 
thereof. The anodic oxidation was effected in an ethylene glycol 
solution containing from 1 to 5 % tartaric acid. The oxide layer thus 
obtained was 2,000 A in thickness. Since the oxide layer can be 
formed to such a thickness capable of forming an offset gate 
region, the length of the offset gate region can be determined by 
the anodic oxidation step. Thus was obtained a gate electrode 
portion 66 inclusive of gate electrode and the peripheral anodic 
oxide layer. Since the silicon region 64 and the silicon oxide region 
63 were formed at approximately the same height, no failures such 
as disconnection were found to occur on the gate electrode. 

Impurities for rendering the crystalline silicon region 64 
type conductive was introduced in a self-aligned manner by ion 
doping (plasma doping) using the gate electrode portion as the 
mask, Phosphine (PH3) was used as the doping gas. The dose was 
from 1 X 1015 to 8 x 1015 cm-2. Thus, phosphorus was introduced at 



a dose of, more specifically, 2 x 1015 cm-2, while applying an 
accelerating voltage of from 60 to 90 kV, for example, a voltage of 
80 kV. Thus were obtained N-type impurity regions 67a and 67b to 
form a region for an N-channel TFT (NTFT). 

The regions were then annealed by irradiating a laser beam. A 
KrF excimer laser operating at a wavelength of 248 nm and at a 
pulse width of 20 nsec was used in the present example. However, 
the type of the laser is not only limited thereto, and any other type 
of laser can be used as well. The laser beam was irradiated from 2 
to 10 shots per site, for example, 2 shots per site, at an energy 
density of from 200 to 400 mJ/cm2, for Instance, at 250 mJ/cm2. 
The effect of laser annealing can be further enhanced by heating the 
substrate in the temperature range of from about 200 to 450 ''C 
(Fig. 6 (D)). 

A 6,000 A thick silicon oxide film 68 was deposited by plasma 
CVD process thereafter as an interlayer dielectric. A 800 A thick 
ITO film was deposited thereafter by sputtering, and was patterned 
to provide a pixel electrode 69. Contact holes were formed 
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thereafter in the interlayer dielectric to establish electrodes with 
wiring 70a and 70b for the TFT using a metallic material, for 
example, a multllayered film of titanium nitride and aluminum. A 
semiconductor circuit (semiconductor device) comprising the TFTs 
in a complementary arrangement was obtained by finally annealing 
the structure at a temperature of 350 for a duration of 30 
minutes under a hydrogen gas atmosphere at a pressure of 1 atm 
(Fig. 6 (E)). 

The product yield of the TFT was thus improved by the present 
invention. It can be seen that the process according to the present 
invention can be performed free from the limitations on the base 
film, and enables use of a film deposition process suitable for 
mass production. Thus, the present invention is of great use in the 
industry. 

While the Invention has been described in detail and with 
reference to specific embodiments thereof, it will b,e apparent to 
one skilled in the art that various changes and modifications can be 
made therein without departing from the spirit and scope thereof. 
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WHAT IS CLAIMED IS: 



1. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a semiconductor film comprising siUcon over a glass 

substrate; 

crystallizing said semiconductor film; and 
oxidizing the crystallized semiconductor film at a pressure 
higher than 1 atm. 

2. A method according to claim 1, wherein said pressure is in a 
range of 1 to 15 atms. 

3. A method according to claim 1, wherein said oxidizing is 
performed in an oxidizing atmosphere. 

4. A method according to claim 1, wherein said oxidizing is 
performed in an oxidizing atmosphere containing water vapor. 

5. A method according to claim 1, wherein said oxidizing the 
semiconductor film is performed in a temperature of 500 to 650°C. 

6. A method according to claim 1, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 
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7. A method according to claim 1, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said oxidizing step. 

8. A method according to claim 1, wherein said semiconductor 
5 device comprises an active matrix type display device. 

9. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a semiconductor film comprising silicon on an 
insulating surface; 
10 crystallizing said semiconductor film; and 

oxidizing the crystallized semiconductor film at a pressure 
higher than 1 atm. 

10. A method according to claim 9, wherein said pressure is in a 
range of 1 to 15 atms. 

15 11. A method according to claim 9, wherein said oxidizing is 

performed in an oxidizing atmosphere. 

12. A method according to claim 9, wherein said oxidizing is 
performed in an oxidizing atmosphere containing water vapor. 

13. A method according to claim 9, wherein said oxidizing the 
20 semiconductor film is performed in a temperature of 500 to 650°C. 
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14. A method according to claim 9, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

15. A method according to claim 9, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 

5 semiconductor film during said oxidizing step. 

16. A method according to claim 9, wherein said semiconductor 
device comprises an active matrix type display device. 

17. A method of manufacturing a semiconductor device 
comprising the steps of: 

10 forming a semiconductor film comprising silicon over an 

alkali-flree glass substrate; 

crystallizing said semiconductor film; and 

oxidizing the crystallized semiconductor film at a pressure 

higher than 1 atm. 

15 18. A method according to claim 17, wherein said pressure is in 

a range of 1 to 15 atms. 

19. A method according to claim 17, wherein said oxidizing is 
performed in an oxidizing atmosphere. 

20. A method according to claim 17, wherein said oxidizing is 
20 performed in an oxidizing atmosphere containing water vapor. 
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21. A method according to claim 17, wherein said oxidizing the 
semiconductor film is performed in a temperature of 500 to 650°C. 

22. A method according to claim 17, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

5 23. A method according to claim 17, wherein at least one region 

of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said oxidizing step. 

24. A method according to claim 17, wherein said semiconductor 
device comprises an active matrix type display device. 

10 25. A method of manufacturing a semiconductor device 

comprising the steps of: 

forming a semiconductor film comprising silicon over a glass 

substrate; 

crystallizing said semiconductor film; 
15 forming a gate insulating film adjacent to said crystallized 

semiconductor film; and 

forming a gate electrode adjacent to said gate insulating film, 
wherein said method fiirther comprises a step of oxidizing the 

crystallized semiconductor film at a pressure higher than 1 atm. 

20 26. A method according to claim 25, wherein said pressure is in 

a range of 1 to 15 atms. 
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27. A method according to claim 25, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 

28. A method according to claim 25, wherein said oxidizing is 
performed in an oxidizing atmosphere containing water vapor. 

5 29. A method according to claim 25, wherein said oxidizing the 

semiconductor film is performed in a temperature of 500 to 650°C. 

30. A method according to claim 25, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

31. A method according to claim 25, wherein at least one region 
10 of the semiconductor film is completely oxidized to a bottom surface of the 

semiconductor film during said oxidizing step. 

32. A method according to claim 25, wherein said semiconductor 
device comprises an active matrix type display device. 

33. A method of manufacturing a semiconductor device 
15 comprising the steps of: 

forming a semiconductor film comprising silicon on an 
insulating surface; 

crystallizing said semiconductor film; 

forming a gate insulating film adjacent to said crystallized 
20 semiconductor film; and 

forming a gate electrode adjacent to said gate insulating film. 
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wherein said method further comprises a step of oxidizing the 
crystallized semiconductor film at a pressure higher than 1 atm. 

34. A method according to claim 33, wherein said pressure is in 
a range of 1 to 15 atms. 

35. A method according to claim 33, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 

36. A method according to claim 33, wherein said oxidizing is 
performed in an oxidizing atmosphere containing water vapor. 

37. A method according to claim 33, wherein said oxidizing the 
semiconductor film is performed in a temperature of 500 to 650''C. 

38. A method according to claim 33, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

39. A method according to claim 33, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said oxidizing step. 

40. A method according to claim 33, wherein said semiconductor 
device comprises an active matrix type display device. 

41. A method of manufacturing a semiconductor device 
comprising the steps of: 
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forming a semiconductor film comprising silicon over an 
alkali-free glass substrate; 

crystallizing said semiconductor film; 

forming a gate insulating film adjacent to said crystallized 
5 semiconductor film; and 

forming a gate electrode adjacent to said gate insulating film, 
wherein said method further comprises a step of oxidizing the 
crystallized semiconductor film at a pressure higher than 1 atm. 

42. A method according to claim 41, wherein said pressure is in 
10 a range of 1 to 15 atms. 

43. A method according to claim 41, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 

44. A method according to claim 41, wherein said oxidizing is 
performed in an oxidizing atmosphere containing water vapor. 

15 45. A method according to claim 41, wherein said oxidizing the 

semiconductor film is performed in a temperature of 500 to 650°C. 

46. A method according to claim 41, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

47. A method according to claim 41, wherein at least one region 
20 of the semiconductor film is completely oxidized to a bottom surface of the 

semiconductor film during said oxidizing step. 
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48. A method according to claim 41, wherein said semiconductor 
device comprises an active matrix type display device, 

49. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a semiconductor film comprising silicon over a glass 

substrate; 

crystallizing said semiconductor film; and 
heating the crystallized semiconductor film in an oxidizing 
atmosphere at a pressure higher than 1 atm. 

50. A method according to claim 49, wherein said pressure is in 
a range of 1 to 15 atms. 

51. A method according to claim 49, wherein said oxidizing 
atmosphere contains water vapor. 

52. A method according to claim 49, wherein said heating the 
semiconductor film is performed in a temperature of 500 to 650^C. 

53. A method according to claim 49, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

54. A method according to claim 49, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said heating step. 
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55. A method according to claim 49, wherein said semiconductor 
device comprises an active matrix type display device. 

56. A method of manufacturing a semiconductor device 
comprising the steps of: 

5 forming a semiconductor film comprising silicon on an 

insulating surface; 

crystallizing said semiconductor film; and 

heating the crystallized semiconductor film in an oxidizing 

atmosphere at a pressure higher than 1 atm, 

10 57. A method according to claim 56, wherein said pressure is in 

a range of 1 to 15 atms. 

58. A method according to claim 56, wherein said oxidizing 
atmosphere contains water vapor. 

59. A method according to claim 56, wherein said heating the 
15 semiconductor film is performed in a temperature of 500 to 650°C. 

60. A method according to claim 56, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

61. A method according to claim 56, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 

20 semiconductor film during said heating step. 
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62, A method according to claim 56, wherein said semiconductor 
device comprises an active matrix type display device. 

63, A method of manufacturing a semiconductor device 
comprising the steps of: 

5 forming a semiconductor film comprising silicon over an 

alkali-firee glass substrate; 

crystallizing said semiconductor film; and 

heating the crystallized semiconductor film in an oxidizing 

atmosphere at a pressure higher than 1 atm. 

10 64. A method according to claim 63, wherein said pressure is in 

a range of 1 to 15 atms. 

65. A method according to claim 63, wherein said oxidizing 
atmosphere contains water vapor. 

66. A method according to claim 63, wherein said heating the 
15 semiconductor film is performed in a temperature of 500 to 650°C. 

67. A method according to claim 63, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

68. A method according to claim 63, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 

20 semiconductor film during said heating step. 
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69. A method according to claim 63, wherein said semiconductor 
device comprises an active matrix type display device. 

70. A method of manufacturing a semiconductor device 
comprising the steps of: 

5 forming a semiconductor film comprising silicon over a glass 

substrate; 

crystallizing said semiconductor film; 

forming a gate insulating film adjacent to said crystallized 
semiconductor film; and 
10 forming a gate electrode adjacent to said gate insulating film, 

wherein said method further comprises a step of heating the 
crystallized semiconductor film in an oxidizing atmosphere at a pressure 
higher than 1 atm. 

71. A method according to claim 70, wherein said pressure is in 
15 a range of 1 to 15 atms. 

72. A method according to claim 70, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 

73. A method according to claim 70, wherein said oxidizing 
atmosphere contains water vapor. 

20 74. A method according to claim 70, wherein said heating the 

semiconductor film is performed in a temperature of 500 to 650''C. 
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75. A method according to claim 70, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

76. A method according to claim 70, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 

5 semiconductor film during said oxidizing step. 

77. A method according to claim 70, wherein said semiconductor 
device comprises an active matrix type display device. 

78. A method of manufacturing a semiconductor device 
comprising the steps of: 

10 forming a semiconductor film comprising silicon on an 

insulating surface; 

crystallizing said semiconductor film; 

forming a gate insulating film adjacent to said crystallized 
semiconductor film; and 
15 forming a gate electrode adjacent to said gate insulating film, 

wherein said method further comprises a step of heating the 
crystallized semiconductor film in an oxidizing atmosphere at a pressure 
higher than 1 atm. 

79. A method according to claim 78, wherein said pressure is in 
20 a range of 1 to 15 atms. 

80. A method according to claim 78, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 
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81. A method according to claim 78, wherein said oxidizing 
atmosphere contains water vapor. 

82. A method according to claim 78, wherein said heating the 
semiconductor film is performed in a temperature of 500 to 650°C. 

83. A method according to claim 78, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

84. A method according to claim 78, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said oxidizing step. 

85. A method according to claim 78, wherein said semiconductor 
device comprises an active matrix type display device. 

86. A method of manufacturing a semiconductor device 
comprising the steps of: 

forming a semiconductor film comprising silicon over an 
alkali-free glass substrate; 

crystallizing said semiconductor film; 

forming a gate insulating film adjacent to said crystallized 

semiconductor film; and 

forming a gate electrode adjacent to said gate insulating film, 
wherein said method further comprises a step of heating the 

crystallized semiconductor film in an oxidizing atmosphere at a pressure 

higher than 1 atm. 
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87. A method according to claim 86, wherein said pressure is in 
a range of 1 to 15 atms. 

88. A method according to claim 86, wherein said semiconductor 
device comprising at least one top gate type thin film transistor. 

89. A method according to claim 86, wherein said oxidizing 
atmosphere contains water vapor. 

90. A method according to claim 86, wherein said heating the 
semiconductor film is performed in a temperature of 500 to 650°C. 

91 . A method according to claim 86, wherein said semiconductor 
film has a thickness of 100 to 1,000 A. 

92. A method according to claim 86, wherein at least one region 
of the semiconductor film is completely oxidized to a bottom surface of the 
semiconductor film during said oxidizing step. 

93. A method according to claim 86, wherein said semiconductor 
device comprises an active matrix type display device. 
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ABSTRACT 

A semiconductor device comprising at least two thin film 
transistors on a substrate having an Insulating surface thereon, 
provided that the thin film transistors are isolated by oxidizing the 
outer periphery of the active layer of each of the thin film 
transistors to the bottom to provide an oxide Insulating film. 
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or any patent issued thereon. 



flrni/iuomey ^ 



The undersigned hereby authorize any U. S. attorney or agent named herein to accept and 

follow instrucuons from. 

as to any action to be taken in the Patent and Trademark Office regarding this application 
without direct communication between the U. S. attorney or agent and the undersigned. In tlie 
event of a change in the persons from whom instructions may be taken, the U.S- attorneys or 
agents named herein will be so notified by the undersigned. 



lAse^uU N*tTw of 
Hni o^otc Inventor 

Docu^i^ U Signed 

Ifucit Kesidenee ^ 
Insert Cuizeiuhip " 



Iitscft pMt Otne« 
Address 



Socciul Invenior. 



Third Inventor: 
«6e abov« 



FULL NAME OF SOLE OR FIRST INVENTOR 
Yasuhiko TAKEMURA 


INVENTOR'S S^NAJUB^^ 
-^p^^ ^ 


DATE 
7/30/1994 


RESIDENCE (City, State & Counljy) 
Kanagawa , Japan 


CITIZENSHIP 
Japanese 


POST OFFICE ADDRESS (Complete Street Address induding City. Stats & Country) 

Plat Atsugi 208, 931-1, Ease, Atsugi-shi, Kanagawa-ken 243 


FULL NA"ME of second JOINT INVENTOR. IF ANY 
Hiroki ADACHI 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City. Stale & Ccuniry) 
Kanagawa , Japan 


CITIZENSHIP 

Japanese 


POST OFFICE ADDRESS (Complete Street Address induding City. State & Country) 

Flat SEL-B 206, 304-1, Hase, Atsugi-shi, Kanagawa -ken 243 


FULL'NAI^E OF THIRD JOINT INVENTOR. IF ANY 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City. State & Country) 


cmZENSHIP 


POST OFFICE ADDRESS {Connplete Street Address Induding City, Stale a Counlry) 


FULL NAME OF FOURTH JOINT INVENTOR, »P ANY 


INVENTOR'S SIGNATURE 


DATE 


RESIDENCE (City. Slate & Country) 


CITIZENSHIP 



POST OFFICE ADDRESS (Complete Street Address induding City. Slate & Country) 



